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Abstrat
Based on a quasipartile model for β stable and eletrially neutral deonned matter we address
the mass-radius relation of pure quark stars. The model is adjusted to reent hot lattie QCD
results for 2 + 1 avors with almost physial quark masses. We nd rather small radii and masses
of equilibrium ongurations omposed of old deonned matter, well distinguished from neutron
or hybrid stars.
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I. INTRODUCTION
After growing evidene for the quark-gluon substruture of hadrons the question has
been asked [15℄ whether massive neutron stars may have a ore omposed of quarks [6, 7℄.
These so-alled hybrid stars may be part of the neutron star branh or onstitute a separate
stable branh of high-density objets  the so-alled third family [8, 9℄ or twin stars [10℄.
Also pure quark stars populating another separate branh of stable, spherially symmetri
old objets have been disussed [5, 11, 12℄. All these possibilities depend sensitively on
the equation of state at high density and the details of the deonnement transition at low
temperature. While at high temperature and zero net baryon density a proper numerial
evaluation of the equation state based on rst-priniples  QCD  is aomplished, the
knowledge of the equation of state at high baryon density and low temperature is fairly
poor. In the asymptoti region, safe statements on the matter states an be made [13, 14℄,
but the extrapolation to the interesting region of energy densities around 1015 g/m3 is
hampered by serious unertainties as one expets signiant non-perturbative eets.
A possibility to approah the theoretial analysis of quark stars is to employ ertain mod-
els adjusted to high-temperature lattie QCD results at zero or small net baryon density.
Of ourse, the appliability of suh models at low temperatures and high densities is not
guaranteed. Quarks stars or neutron stars with quark ores are expeted to have similar
mass-radius relations as ordinary neutron stars. This makes diult an experimental veri-
ation via these observables. The modied ooling behavior of quark matter is onsidered
as a possible tool to nd appropriate observational hints [15℄.
Here we are interested in the mass-radius relation of pure quark stars whih are old and
spherially symmetri. We rely on a quasipartile model (f. [1618℄ for suh models) whih
we adjust to reent realisti lattie QCD results. Our quasipartile model [16, 19, 20℄ allows
for a suitable parametrization of lattie QCD data at zero and non-zero hemial potential.
Its struture an be derived from a two-loop Φ funtional [2123℄. To aommodate further
non-perturbative eets the running oupling gs is replaed by an eetive oupling G. In
the simplest version the imaginary parts of the self-energies are negleted and the dispersion
relation is approximated by utilizing the asymptoti self-energy. The model has been shown
to desribe suessfully various lattie QCD data at zero hemial potential, at non-zero
(inluding also purely imaginary) hemial potential of bulk thermodynamial quantities up
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to o-diagonal suseptibilities [2426℄.
New high-temperature lattie QCD data for almost physial quark masses [27, 28℄ are
now at our disposal for zero hemial potential. We adjust our model at this data and
extrapolate the equation of state to zero temperature. The emerging equation of state is
then used to onsider old pure quark stars. Analog studies have been performed in, e.g.,
[2933℄, however without suh intimate ontat to advaned lattie QCD results.
Our paper is organized as follows. In setion II we formulate our model for zero tem-
perature. The omparison with hot lattie QCD results is performed in setion III. The
parameters are used in setion IV to gain the old equation of state. The emerging mass-
radius relations of old equilibrium ongurations are disussed in setion V. The summary
an be found in setion VI. The Appendix lists expressions used for transferring the hot
lattie QCD data to nite baryon densities.
II. QUASIPARTICLE MODEL AT T = 0
For the employed quasipartile model the pressure p =
∑
i=u,d,s pi and quark densities ni
at temperature T = 0 are given by
pi(µi) =
di
6pi2
∫ √µ2
i
−m2
i
0
dk
k4√
k2 +m2i
− Bi(µi), (1)
Bi(µi) = Bi(µ0) +
di
4pi2
∫ µi
µ0
dµ¯
∂m2i (µ¯)
∂µ¯
∫ √µ¯2−m2
i
0
dk
k2√
k2 +m2i
, (2)
ni(µ) =
di
6pi2
(µ2i −m2i )3/2 (3)
with the index i denoting the quarks u, d and s with degeneraies du,d,s = 2Nc = 6. The
hoie of µ0 and the orresponding integration onstant B(µ0) is desribed below. The
energy density follows from e =
∑
i=u,d,s(pi + µini). The asymptoti quark masses, whih
enter the employed dispersion relations ω2i = k
2 +m2i as approximation of the self-energies,
are
m2i = m
2
i,0 + 2mi,0Mi + 2M
2
i , (4)
M2i =
C
f
8
(
T 2 +
µ2i
pi2
)
G2 (5)
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with C
f
= (N2c − 1)/(2Nc), where the rest masses mi,0 may be inluded aordingly. We
employ mu,0 = md,0 = ms,0/10 with ms,0 = 105 MeV as in [27, 28℄. For later use also the
temperature dependene is displayed here and we note already the gluon g asymptoti mass
at nite temperature
m2g =
(
C
b
6
T 2 +
Nc
12pi2
∑
i=u,d,s
µ2i
)
G2, (6)
where C
b
= Nc +
3
2
and the degeneray fator dg = N
2
c − 1.
The ve relations for harge neutrality
2
3
nu(µu)− 1
3
nd(µd)− 1
3
ns(µs)− ne(µe)− nµ(µµ) = 0, (7)
for β equilibrium
µd = µu + µe (8)
(e.g., from n↔ p+ + e− + ν¯e), for equilibrium due to strangeness hanging weak deays
µs = µd (9)
(e.g., from Λ↔ p+ + pi−), for µ deay
µµ = µe (10)
(e.g., from µ− ↔ e− + ν¯e + νµ), and for total baryon density
n(µ) =
1
3
(nu(µu) + nd(µd) + ns(µs)) (11)
map the various hemial potentials on one independent baryon hemial potential µ via
µu,d,s,e,µ(µ) as required as onsisteny ondition of the utilized quasipartile model. We
assume that the neutrinos νe,µ left the star matter and, therefore, do not partiipate in the
hemial equilibrium reations. The pressure and density expressions for the eletron e and
muon µ omponents are as Eqs. (1) (without the funtions Bi) and (3).
The eetive oupling G2 follows from the ow equation [12, 19℄
aT
∂G2(µ, T )
∂T
+ aµ
∂G2(µ, T )
∂µ
= b, (12)
where the oeients aT , aµ and b (f. Appendix A) depend again on the eetive oupling
G2 as well as both temperature and hemial potential. It is integrated using the method
of harateristis. Along eah harateristi line, the input information G2(T ), extrated
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from lattie QCD data in the next setion, is transported from the temperature axis to the
hemial potential axis thus providing G2(µ). Along one arbitrary harateristi, emerging
at T = T0 and meeting the µ axis at µ0, the meaneld ontribution B is integrated (as
outlined in Appendix A too), yielding the neessary integration onstant B(µ0). With the
eetive oupling G2(µ) and the B(µ0), all thermodynami quantities along T = 0 are then
determined.
III. EQUATION OF STATE FROM LATTICE QCD DATA AT µ = 0
In [28℄ ([27℄) the interation measure ∆(T )/T 4 ≡ (e − 3p)/T 4 has been presented for
almost physial quark masses for the two light quarks and a strange quark in the temperature
range T = 140 - 475 MeV (140 - 825 MeV) at µi = 0. We rely here on the p4 and asqtad
data for Nτ = 8 [28℄ and 6 [27℄ and assume that further ut-o eets are negligible, i.e. we
ompare our ontinuum model with the nite-size results [27, 28℄. It seems most appropriate
to adjust our parameters diretly at the interation measure, being the primary information
from lattie QCD, whih reads in the quasipartile model [19℄ for µ = 0
e− 3p
T 4
=
1
T 4
∑
i=g,u,d,s
(
4Bi +
dim
2
i
pi2
∫ ∞
0
dk k2
(k2 +m2i )
−1/2
e
√
k2+m2
i
/T + Si
)
, (13)
Bi(T ) = Bi,0 − di
2pi2
∫ T
T0
dT ′
∂m2i (T
′)
∂T ′
∫ ∞
0
dk k2
(k2 +mi(T
′)2)−1/2
e
√
k2+mi(T ′)2/T ′ + Si
, (14)
where Sg = −1 and Su,d,s = 1 and mi from Eqs. (4) and (6) with expliit and impliit T
dependenies. The latter one is in G2 for whih we hoose
G2(T ) =
16pi2
β0 ln ξ2
(15)
with ξ ≡ T−Ts
λ
as well as β0 = 11− 23Nf for Nf = 2+1 avors as a onvenient parametrization
of the eetive oupling whih resembles a regularized 1-loop running oupling.
Using general thermodynami relations one an alulate the pressure via p(T )/T 4 =
p(T0)/T
4
0 +
∫ T
T0
dT ′∆(T ′) T ′−5, where p(T0) is an integration onstant. The hosen value of
T0 should be at the lower limit of our model for deonnement, i.e. T0 ≈ 190 MeV aording
to [28℄. The saled entropy density is aordingly s/T 3 = 4p/T 4 +∆/T 4; unfortunately, it
depends also on the pressure normalization via 4p(T0)/T
4
0 .
Our quasipartile model is based primarily on the entropy density s, i.e. pressure and
interation measure are analyti integrals of the entropy inluding an integration onstant
5
ation Nτ Ts [MeV℄ λ [MeV℄ −B0 χ2/dof
p4 6 167 20 -(78 MeV)
4
0.821
p4 8 146 31 (163 MeV)
4
0.679
asqtad 6 131 45 (90 MeV)
4
0.981 *)
asqtad 8 107 61 (166 MeV)
4
0.654
Table I. Parameters of ts to the lattie data [27, 28℄ for T > 190 MeV. B0 =
∑
i=g,u,d,sBi,0.
*) Without the data point at 213 MeV whih would drive the t to fail in the high-temperature
region.
B0 =
∑
Bi,0. Thus tting the interation measure means not only determining the pa-
rameters Ts and λ of the eetive oupling but also the pressure integration onstant B0.
Thus, our pressure as well as entropy and energy density follow diretly from e−3p without
another integration onstant. (This is due to additional knowledge of expliit expressions
for all thermodynami quantities, as opposed to general thermodynami relations, where an
additional onstant p(T0) is required to arrive from the interation measure at the pressure.
Within the quasipartile model, p(T0) is known from the parameters Ts, λ and B0 via the
expressions of s and ∆ in p(T0) = (Ts(T0;Ts, λ)−∆(T0;Ts, λ, B0))/4.)
The χ2 minimization of the dierene of the data in [27, 28℄ to the interation measure
Eq. (13) diretly yields the values of Ts, λ and B0 as listed in Tab. I. With this parametriza-
tion we get the interation measure as exhibited in the left panel of Fig. 1. The maximum
of ∆ arises from a turning point of the saled pressure as a funtion of log T . Within our
quasipartile model, the loation of the maximum is governed by the values of Ts and λ,
where the latter one also aets the peak width. The peak height of ∆/T 4 is essentially de-
termined by B0. The ts are in a narrow orridor for T > 300 MeV yielding some ondene
in the equation of state there.
In the right panel of Fig. 1 we ompare the pressure of our model with the pressure
estimate dedued in [28℄ from the interation measure. Despite of the variation of the peak
heights in ∆/T 4, the resulting pressures in our model are in a reasonably narrow orridor:
Our t to the asqtad Nτ = 8 data is in the middle of the pressure range determined in [28℄ by
dierent interpolations on the data for ∆/T 4 and assumptions on p0. The p4 Nτ = 6 peak
in ∆/T 4 is higher, and, onsequently, our pressure is also somewhat higher, governed by the
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Figure 1. (olor online) Left panel: Fits of the quasipartile model interation measure Eq. (13) to
the lattie QCD data (symbols) for lattie ations p4 (blue) and asqtad (red) and lattie spaings
Nτ from [27, 28℄. Solid (dashed) urves are for Nτ = 8 (6). Right panel: Saled pressure p/T
4
of the quasipartile model adjusted in the left panel ompared to the pressure estimate from [28℄
(grey area).
positive B0. A t to the upper and lower limits of the pressure band from [28℄ would result
in (Ts, λ,−B0) = (109 MeV, 53 MeV,(185 MeV)4) and (36 MeV, 107 MeV, (197 MeV)4),
respetively.
IV. THE QUARK EQUATION OF STATE AT ZERO TEMPERATURE
Utilizing the values of Tab. I the ow equation (12) is solved using the mentioned method
of harateristis to obtain G2(µ) and B(µ). In doing so, the side onditions (7-11) are
invoked so that along eah harateristi urve the requirements of β stability and eletri
harge neutrality are fullled. The harateristis for the p4 ation and Nτ = 8 are exhibited
in Fig. 2. As already noted in [12, 19℄, the harateristis emerging from the very viinity
of T0 have the tendeny to ross eah other at low temperatures. (An extended version of
the model in [20, 34℄ ures this insanity.) The pressure beomes negative at µ < 550 MeV.
Clearly, we onsider only the region of positive pressure where the harateristis behave
regularly.
It happens that the eetive oupling G2 an also be parametrized at vanishing tempera-
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Figure 2. Charateristis of the ow equation (12) with side onditions (7-11) imposed for the p4
ation and Nτ = 8.
ture using Eq. (15) but with ξ ≡ µ−µs
λµ
. The parameters are listed in Tab. II. The interation
measure ∆(µ)/µ4 displays a peak, as ∆(T )/T 4 does.
The pressure ontributions aording to Eq. (1) with the suh obtained eetive oupling
G2(µ) are exhibited in the left panel of Fig. 3 as a funtion of the hemial potential µ = µu.
The dierenes of up, down and strange quark ontributions are determined by dierenes in
the respetive hemial potentials as shown in the right panel of Fig. 3. Due to equilibrium
with respet to strangeness hanging weak deays, µd = µs holds whih deviates slightly
from µu. In line with [14℄ the lepton ontributions are tiny, as evidened in Fig. 3, too. The
pressure dierene of down and strange quarks is due to the onsiderably larger rest mass
of the latter ones. For the sake of ompleteness we also show the individual ontributions
to energy density (left panel in Fig. 4) and the individual partile densities (right panel in
Fig. 4). Similar to the pressure, the lepton ontributions are not visible on the used sales.
The resulting equation of state at T = 0 in the form e(p), needed for the integration
of the TOV equations below, is exhibited in Fig. 5 (left panel for a omparison of the four
equations of state) together with two ts by e = v−2s p+e0 for the equations of state adjusted
to Nτ = 6 and 8 for the p4 ation (right panel). Parameters for all ations and temporal
lattie extends onsidered here are listed in Tab. III. Both, the vauum energy density
e0 = e(p = 0) and the veloity of sound parameter v
2
s = ∂p/∂e are in narrow intervals for
the fours sets of lattie QCD input data: While the vauum energy density varies within
(366 MeV)
4
- (381 MeV)
4
, v−2s is within 3.8 - 4.5. As the interation measure ∆(µ)/µ
4
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ation Nτ µs [MeV℄ λµ [MeV℄
p4 6 211 159
p4 8 134 215
asqtad 6 68 285
asqtad 8 -72 380
Table II. Parameters of Eq. (15) with ξ ≡ µ−µsλµ following from the solution of the ow equation
Eq. (12). The ts apply in the range µ = 0.6...1.2 GeV.
0.6 0.7 0.8 0.9 1.0 1.1 1.2
0.000
0.005
0.010
0.015
 /
 
 4
 [G V]
0.6 0.7 0.8 0.9 1.0 1.1 1.2
0.0
0.2
0.4
0.6
0.8
1.0
1.2
, 
, 
 /
 
 [G V]
Figure 3. Left panel: The saled pressure ontributions pi/µ
4
for the p4 ation and Nτ = 8 as
funtions of µ. The leptoni ontributions are on the lower µ axis in the given pi/µ
4
sale. Right
panel: The individual hemial potentials µi as funtions of µ = µu.
beomes small at large values of µ, our resulting equations of state e(p) have the tendeny
to merge. (Some dierenes are aused by the dierent t values of B0.) At small pressure
the deviation of our four equations of state are about 10%.
The same is true if onsidering again the upper and lower limits of the pressure band
from [28℄ instead of the interation measure. We nd values (v−2s , e
1/4
0 ) = (3.92, 370 MeV)
and (4.24, 383 MeV) in the parameter area of the above ts where larger values of the
pressure at vanishing hemial potential lead to smaller values of the vauum energy density
at vanishing temperature and the inverse squared veloity of sound. Also, thermal eets
are found to be small, i.e. up to T = 50 MeV the equation of state e(p) does not hange
signiantly.
Our results an be ompared with perturbative alulations at vanishing temperature in
9
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Figure 4. The saled energy density ontributions ei/µ
4
(left panel) and the saled net quark density
ni/µ
3
(right panel) for the p4 ation and Nτ = 8 as funtions of µ. For the used sale, the leptoni
ontributions are not visible.
ation Nτ v
−2
s e
1/4
0 [MeV℄
p4 6 3.81 381
p4 8 4.01 366
asqtad 6 4.23 379
asqtad 8 4.47 367
Table III. Parameters of linear ts e = v−2s p + e0 to our equation of state with G
2(µ) determined
by the ow equation (12). The leptoni ontributions are inluded.
[31, 32℄. In [32℄ the pressure of old quark matter is alulated in hard-dense-loop pertur-
bation theory. The resulting pressure for 3 avors with equal hemial potential and the
hoie [32℄ of the renormalization sale µ¯ = µ is shown in the left panel of Fig. 6. Also
shown are the results from the weak-oupling expansion to seond order [31℄. Here the value
of µ¯ is varied from µ to 2µ. For referene also a omparison with NJL model results [33℄
is depited. The grey dotted urve is p = 3 GeV/fm3; the region 0 < p < 3 GeV/fm3 is
relevant for quark stars, as turns out by integrating the TOV equations (see setion V).
The energy density e = µ2∂/∂µ(p/µ) depends on the inline of the pressure saled with
the hemial potential rather than the absolute values of the pressure. This explains the
fat that, while the saled quasipartile pressure p/µ4 from lattie QCD (left panel in Fig. 6)
shows some spread as a funtion of µ, the resulting equation of state e(p) (right panel in
10
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Figure 5. (olor online) Left panel: The energy density as a funtion of the pressure at T = 0
(solid urves) for all four onsidered lattie results from [27, 28℄. Blue (red) lines represent results
dedued from p4 (asqtad) lattie data while solid (dashed) urves denote Nτ = 8 (6). Right panel:
Two of the linear ts e = v−2s p + e0 (dotted urves) from Tab. III ompared to the orresponding
equations of state (olor ode as in left panel).
Fig. 6) is given as a tight band. Inspetion of p/µ as a funtion of µ (not displayed) explains
the broad range of values for e(p → 0) in [31℄: the slope of p/µ as a funtion of µ hanges
drastially with the hosen sale µ¯ for small pressures. For µ¯ = 1.5µ the equation of state in
[31℄ in the form e(p) oinides with the results of [32℄, whih in turn falls in the same range
as our set of equations of state. In fat, v−2s = 3 and e
1/4
0 = 365 MeV yield a good desription
of the equation of state from [31℄ for µ¯ = 1.2µ and [32℄. (Expanding the quasipartile partial
pressure pi (1) inluding the meaneld ontribution Bi (2) at T = 0 in powers of the oupling
onstant G yields the leading terms pi(µi) = (1− 2αs/pi + . . .)µ4i /(4pi2)+Bi(µ0), where the
oeient of the O(αs) term, αs = 4piG2, equals the stritly perturbative results in [31, 35℄;
the oeient of the next-order term deviates from the perturbation expansion, similar to
the quasipartile model [12, 16℄ (see also disussion in [22℄) at non-zero temperature and the
hard-dense-loop approah in [32℄.)
Remarkable is that all the disussed equations of state have a ertain value of the hemial
potential at vanishing pressure. This enables, in priniple, to onstrut pure quark stars with
vanishing pressure at the surfae.
Fig. 6 learly evidenes that the previous foundation for disussing quark stars seemed
not to be on safe grounds as the proposed model equations of state were too dierent
11
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Figure 6. (olor online) The saled pressure p/µ4 as funtion of µ at T = 0 (left panel) and the
equation of state e(p) (right panel) for the four onsidered lattie results from [27, 28℄ in omparison
to results from [32℄ (dash-dotted urve), [33℄ (dash-double-dotted urve) and [31℄ (grey bands limited
by µ¯/µ = 1, 1.5 and 2 from dark to light). Blue (red) urves represent quasipartile results adjusted
to p4 (asqtad) lattie data while solid (dashed) urves denote Nτ = 8 (6). Leptoni ontributions
are inluded.
unless further onstraints (as the ompatibility, e.g., with a hadroni model equation of state
required in [31℄) are imposed. Given the intimate ontat of our approah to rst-priniple
evaluations of QCD, we hope to have a more reliable foundation. Of ourse, this hope is
related to the assumption that the extrapolation to non-zero hemial potential is suiently
smooth. The suessful omparison of our model with Taylor expansion oeients for the
µ dependene [24℄ as well as the appliation of our model at imaginary hemial potential
[25℄ (not only small values thereof!) give us some ondene in our approah.
Let us nally omment on the importane of the side onditions. If one assumes one
ommon hemial potential for all quarks µ and inludes leptons (µe = µµ) via a eletri
neutrality ondition µe = µe(µ) , the results of the equation of state dier from the isospin
asymmetri model with the side onditions (7-11) properly invoked on a 10% level.
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V. INTEGRATION OF THE TOV EQUATIONS
To estimate the properties of quark stars as spherial equilibrium ongurations of pure,
strongly interating quark matter we employ the TOV equations
dp
dr
= −GN ([1 + v
−2
s ]p + e0)(m+ 4pir
3p)
r2( 1− 2m
r
GN)
, (16)
dm
dr
= 4pir2(v−2s p + e0), (17)
where the speial parametrization e = v−2s p+e0 of the equation of state is supposed to hold.
GN is the Newtonian gravitational onstant, and we employ units with ~c = 1.
We emphasize the strong dependene on the atual value of e0 whih determines the
pressure gradient in the dimensionless ombination GNe
1/2
0 (whih is of the order of 10
−39
for the ase at hand), whih an be seen in writing the TOV equations as
∂p¯
∂r¯
= −([1 + v
−2
s ] p¯+ 1) (m¯+ 4pir¯
3p¯)
r¯2
(
1− 2m¯
r¯
) , (18)
∂m¯
∂r¯
= 4pir¯2
(
v−2s p¯+ 1
)
, (19)
from the saled quantities p = p¯e0, r = r¯(GNe0)
−1/2
, m = m¯(GNe0)
−1/2G−1N . The saled
TOV equations depend only on v−2s . The solutions for the relevant values of v
−2
s = 2...4 are
exhibited in Fig. 7. With the given saling, m and r shrink with inreasing value of e
1/2
0 ,
while the dependene on v−2s is moderate within the interval overing the values of Tab. III.
Thus the vauum energy density e0 is indeed the deisive quantity determining the sizes and
the masses of pure quark stars. To be spei, for v−2s = 3 ± 1, the saled maximum mass
is 0.004 ± 0.001.
To test the dependene of deviations from the approximation e = v−2s p+ e0 we integrate
the TOV equations with our equations of state adjusted to the lattie QCD results. The
results are exhibited in Fig. 8. The maximum masses are about 0.5M⊙ with radii of about 3
km. If suh objets would exist, their bulk harateristis were quite dierent from anonial
neutron stars with masses onentrated at 1.4 M⊙ and radii of 15 km and larger. Therefore,
the pure quark stars from our analysis annot serve as andidates of twin stars disussed in
[10℄.
We stress again the important role of the value of e0 = e(p = 0). With the above derived
saling, equations of state with signiantly smaller values of e0 than dedued in our analysis
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of the lattie QCD results ombined with the employed quasipartile model, would allow for
signiantly larger masses and radii.
The present onsiderations will be modied when ombining our equation of state of
deonned matter with a hadroni low-density equation of state at p > 0. Then hybrid stars
ould be onstruted with properties depending to a large extent on the transition region
from onned to deonned matter.
0.000 0.004 0.008 0.012 0.016
0.000
0.001
0.002
0.003
0.004
0.005
2
3
-2
=4
Figure 7. Saled mass M¯ = m¯(p = 0) shown as a funtion of saled radius R¯ = r¯(p = 0) for several
values of v−2s as solution of the saled TOV equations (18) and (19).
VI. SUMMARY
In summary we employ a quasipartile model, adjusted to reent realisti lattie QCD
data with almost physial quarks masses, to onsider pure quark stars. The needed equation
of state an be approximated very well by the onise form e = v−2s p + e0 with values of
v−2s = 3.8 − 4.5 and e1/40 = 366 − 381 MeV from the lattie QCD data [28℄. Lattie data
from both the p4 and the asqtad version an be desribed equally well and lead to similar
spherially symmetri stars. The maximum masses are about 0.5 M⊙ with radii of 3 km.
The pure quarks star masses and radii sale with e
−1/2
0 whih is the deisive quantity as
e0 is the vauum energy density at vanishing pressure. It follows within our model diretly
from the lattie QCD data at nite temperatures.
Rapidly rotating quark stars exhibit a dis like shape with sharp edge. Their maximum
14
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Figure 8. (olor online) Mass-radius relations of quark stars following diretly from lattie QCD
results [27, 28℄ within our quasipartile approah. Blue (red) lines represent results dedued from
p4 (asqtad) lattie data while solid (dashed) urves denote Nτ = 8 (6).
masses are enlarged by 65% and the radii by a similar amount [36℄ at the shedding limit.
The present approah an be extended to the full HTL quasipartile model [20, 23℄, where
eets of Landau damping and olletive modes are inluded
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Appendix A: Coeients of the ow equation
The oeients in Eq. (12) are
aT = −
∑
i=u,d,s
∂ni
∂m2i
∂m2i
∂G2
∣∣∣∣
T,µ
,
aµ =
∑
i=g,u,d,s
∂si
∂m2i
∂m2i
∂G2
∣∣∣∣
T,µ
,
b =
∑
i=g,u,d,s
∂ni
∂m2i
∂m2i
∂T
∣∣∣∣
G2,µ
− ∂si
∂m2i
∂m2i
∂µ
∣∣∣∣
G2,T
with
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∂ni
∂m2i
= − di
4pi2T
∫ ∞
0
dk
k2
ωi
F−,
∂si
∂m2i
= − di
4pi2T
∫
∞
0
dk k2
{
F+ − µi
ωi
F−
}
,
where F± =
[
f 2+ exp
ωi−µi
T
± f 2− exp ωi+µiT
]
and f± are the statistial distribution funtions
for fermions (+) and anti-fermions (-) respetively. The derivatives of the eetive gluon
masses (6) are
∂m2g
∂T
∣∣∣∣
G2,µ
=
C
b
3
TG2 +
Nc
12pi2
(Nl+2Nh) (µ+ µe)
∂µe
∂T
∣∣∣∣
G2,µ
G2,
∂m2g
∂µ
∣∣∣∣
G2,T
=
Nc
12pi2
((
2 (Nl+Nh)µ+ (Nl+2Nh)µe
)
G2 + (Nl+2Nh) (µ+ µe)
∂µe
∂µ
∣∣∣∣
G2,T
)
,
∂m2g
∂G2
∣∣∣∣
T,µ
=
C
b
6
T 2 +
Nc
12pi2
(Nl+2Nh) (µ+ µe)
∂µe
∂G2
∣∣∣∣
T,µ
G2,
where Nl and Nh are the numbers of inluded light (2) and heavier (1) quark avors. For
the eetive quark masses (i = u, d, s) one has
∂m2i
∂T
∣∣∣∣
G2,µ
=
∂m2i
∂T
∣∣∣∣
G2,µ,µe
+
∂m2i
∂µe
∣∣∣∣
G2,T,µ
∂µe
∂T
∣∣∣∣
G2,µ
,
∂m2i
∂µ
∣∣∣∣
G2,T
=
∂m2i
∂µ
∣∣∣∣
G2,T,µe
+
∂m2i
∂µe
∣∣∣∣
G2,T,µ
∂µe
∂µ
∣∣∣∣
G2,T
,
∂m2i
∂G2
∣∣∣∣
T,µ
=
∂m2i
∂G2
∣∣∣∣
T,µ,µe
+
∂m2i
∂µe
∣∣∣∣
G2,T,µ
∂µe
∂G2
∣∣∣∣
T,µ
with ∂m2i /∂T |G2,µ,µe = V TG2, ∂m2i /∂µ|G2,T,µe = V µiG2/pi2, ∂m2i /∂µe|G2,T,µ = δiuV µiG2/pi2
and ∂m2i /∂G
2|T,µ,µe = (T 2 + µ2i /pi2) /2, where V = (mq,0/Mq + 2)Cf/4. The derivatives of
the eletron hemial potential therein are
∂µe
∂T
∣∣∣∣
G2,µ
= −W−1
∑
j=u,d,s,e,µ
qj
∂nj
∂T
∣∣∣∣
G2,µ,µe
,
∂µe
∂µ
∣∣∣∣
G2,T
= −W−1
∑
j=u,d,s,e,µ
qj
∂nj
∂µ
∣∣∣∣
G2,T,µe
,
∂µe
∂G2
∣∣∣∣
T,µ
= −W−1
∑
j=u,d,s,e,µ
qj
∂nj
∂G2
∣∣∣∣
T,µ,µe
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with W =
∑
j=u,d,s,e,µ qj ∂nj/∂µe|G2,µ,T and
∂ni
∂T
∣∣∣∣
G2,µ,µe
=
∂ni
∂T
∣∣∣∣
G2,µ,µe,m2i
+
∂ni
∂m2i
∂m2i
∂T
∣∣∣∣
G2,µ,µe
,
∂ni
∂µ
∣∣∣∣
G2,T,µe
=
(
∂ni
∂µi
∣∣∣∣
G2,m2
i
+
∂ni
∂m2i
∂m2i
∂µi
∣∣∣∣
G2,T,µe
)
∂µi
∂µ
∣∣∣∣
µe
,
∂ni
∂µe
∣∣∣∣
G2,µ,T
=
(
∂ni
∂µi
∣∣∣∣
G2,m2
i
+
∂ni
∂m2i
∂m2i
∂µi
∣∣∣∣
G2,µ
)
∂µi
∂µe
∣∣∣∣
µ
,
∂ni
∂G2
∣∣∣∣
T,µ,µe
=
∂ni
∂m2i
∂m2i
∂G2
∣∣∣∣
T,µ,µe
as well as
∂ni
∂T
∣∣∣∣
G2,µ,µe,m2i
=
di
2pi2T
∫ ∞
0
dk k2 {ωiF− − µiF+} ,
∂ni
∂µi
∣∣∣∣
G2,m2
i
=
di
2pi2T
∫ ∞
0
dk k2F+.
qi are the eletri harges of the quark speies. Note that the side onditions Eqs. (7-11) are
inluded. These strongly modify the oeients given in [19℄.
Along the harateristis, where µ, T and G2 are given as funtions of the ane urve
parameter x, the bag pressure B has to be integrated aording to
B = B(µ = 0)−
∑
i
∫ x
0
dx
∂pi
∂m2i
(
aT
∂m2i
∂T
∣∣∣∣
G2,µ
+ aµ
∂m2i
∂µ
∣∣∣∣
G2,T
+ b
∂m2i
∂G2
∣∣∣∣
T,µ
)
with
∂pi
∂m2i
= − di
4pi2
∫ ∞
0
dk
k2
ωi
[f+ + f−] .
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